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The proposed research for my summer BBSI experience was post-poned until the arrival of the new generation (454 life sciences GS 20 Roche) pyrosequencer. The arrival of the new machine is projected to arrive in early September. Hence, I will be working on this project during the 2008-09 Academic Year. The current GS 20 Roche machine only allows for read lengths of 100 base pairs, whereas the newer optimized version generates read lengths of 400 base pairs, quite a considerable increase. Such an improvement significantly enhances the quality of resulting data, thereby reducing the amount of time and energy required to analyze and assimilate data. Moreover, such a renovation reduces the level of bias possible when assimilating data, a very important aspect to mind when performing de novo sequencing. Consequently, I worked on another project during the summer aimed towards the same goal as the latter: to obtain a deeper insight into factors enabling plants to successfully form symbiosis with N2-fixing cyanobacteria, utilizing the model system of Gunnera manicata, an angiosperm and Nostoc punctiforme, a specific strain of cyanobacteria. This project focuses on a particular feature within Gunnera, flavonoids, and therefore a specific set of genes. Only those genes involved in the production of flavonoids are targeted and manipulated for functional analysis. The latter project does not target a specific set of genes for functional analysis; its aim is rather to identify candidate genes among a host of other genes expressed within the stem gland whose role may be crucial in the initiation, hosting, and manipulation of cyanobacteria. These genes will then be over expressed or suppressed in order to determine their contributions to this relationship. The project I participated in this summer, therefore, is a more concentrated and biased analysis in comparison to my proposed project. Furthermore, this project is a continuation of the project I started last summer (2007) entitled investigating the roles of flavonoids within Gunnera/Nostoc symbiosis. 
In order to figure the influence of flavonoids within this symbiosis, this project proposes to produce a phenotypic Gunnera mutant with reduced levels of flavonoids. Gene suppression will be established utilizing the RNAi mechanism. The fact that Gunnera is not fully sequenced presented small challenges in achieving the goal of this project. Alternatives to general procedures were derived and implemented in determining the DNA message for targeted genes; as a result, four genes were discovered, analyzed for their expression levels within the organism using RT-PCR, and are currently being manipulated and analyzed for their facilitation in Gunnera/Nostoc symbiosis. This summer, these four genes entitled CHS1, CHS2, CHS3, & CHS4 are being inserted within RNAi vectors, a very important segment of this project. I participated in this portion of the research for my BBSI summer 2008 experience. 
Gene insertion within the appropriate RNAi vector, successful transformation of this construct into agrobacterium, and infection of the targeted plant organism via agrobacterium-mediated transfer allows for the suppression of targeted genes. In order to reduce flavonoid synthesis by Gunnera, two of these genes CHS 3, and 4 were targeted for insertion within an RNAi vector based on respective sequence analysis and expression levels revealed from (RT-PCR and Northern blots). Analysis of CHS genes revealed that CHS 1, 2, and 4 were highly similar, similar enough that using only one of these genes enables the knock-down of all three genes. Reverse transcriptase PCR and Northern blot analyses revealed that CHS4 was more highly expressed from among the other three genes. As a result, CHS4 was one of the two genes selected for insertion into the RNAi vector. Because the sequence composition of CHS3 differed significantly enough from the other three genes, it was also chosen for RNAi vector insertion. Consequently, we propose that RNAi selection of CHS3 and CHS4 will suppress gene expression of all four target genes, hence reduced synthesis of flavonoids.
The RNAi vector created for suppression of targeted genes was specially constructed. Selected genes were placed within a specific construct pQH29. This construct consists of a 35S promoter site, two gene insertion sites separated by an intron, a 3’ processing region, and various restriction enzyme sites. One target gene is inserted respectfully within the two insertion sites in opposite orientations so that both inserts are complementary to one another, allowing the creation of dsRNA. CHS genes were modified with particular restriction sites before insertion into this construct was possible. Ligation of pQH29 without the inserts to pGEM-T Easy was performed first, transformed into E. coli cells, and successful competent cells were verified by blue/white colony selection and gel electrophoresis. Target genes were inserted within this hybrid construct one insertion site at a time using appropriate restriction enzymes. Throughout this experiment gel electrophoresis was used to verify the insertion and correct orientation of introduced genes. Successful resulting constructs were appropriately digested so that the pQH29 construct with inserts were transferred to a binary vector, pART 27, which is necessary for plant infection via agrobacterium-mediated transfer. We will screen these cells as well for the insert. Thus far we have created a successful RNAi construct for CHS3, pVA 1095, and currently finishing-up the RNAi construct for CHS4. I would like to note that we have also developed an RNAi construct for CHS2. We initially planned on using CHS2 in order to knock-down expression of CHS1, 2, and 4, but after more RT-PCR and Northern blot analysis, we decided to use CHS4 instead as already mentioned above. 
After RNAi constructs have been achieved for CHS3 and CHS4, we will proceed to agrobacterium transformation and infection of Gunnera by means of agrobacterium-mediated transfer. We will allow this plant to mature, afterwards exposing it to N2-deprived conditions conducive for gland-development and initiation of Gunnera/Nostoc symbiosis. Observations and analysis of this experiment will aid in uncovering the role of flavonoids within this natural phenomena! And shortly, I’ll be able to help add to this newly-revealed knowledge, by working on a second proposed project  (mentioned earlier) aimed at elucidating key genes necessary for a productive symbiosis displayed by our model system. 
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